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perspiration	 monitoring	 have	 been	 developed;	 however,	 such	 devices	 tend	 to	 have	 a	
relatively	large	exterior,	considerable	power	consumption,	and/or	less	sensitivity.	





diffusion,	 which	 means	 that	 water	 vapor	 flux	 from	 the	 skin	 to	 the	 silica	 gel	 (i.e.,	
transepidermal	water	 loss	and	perspiration)	can	be	captured	by	change	 in	humidity	at	 the	





In	 this	article,	 therefore,	we	would	 like	 to	show	the	point-by-point	 tutorials	of	how	to	use	
the	 device	 for	 perspiration	monitoring,	 by	 showing	 the	 sympathetic	 activity	 test	with	 the	
sympathetic	skin	response	monitoring	as	an	example.	
INTRODUCTION:	
Human	 perspiration,	 generally	 known	 as	 “sweating,”	 is	 not	 just	 a	 mechanism	 for	
thermoregulation1,	 but	 it	 is	 also	 related	 to	 certain	 kinds	 of	 diseases.	 The	 etiology	 of	
abnormal	 perspiration	 is	 broad,	 including:	 heatstroke,	 hyper-	 or	 hypothyroidism2,	 brain	
infarction3,	 diabetes	mellitus4,	 dysautonomia5,	 menopause	 (known	 as	 “hot	 flash”)6,	 cystic	
fibrosis7,	 Parkinson’s	 disease8,	 and	 social	 anxiety	 disorder9.	 In	 light	 of	 the	 number	 of	
perspiration-related	diseases,	it	has	been	considered	beneficial	to	monitor	perspiration	rates	
for	 the	 early	 diagnosis	 or	 prediction	of	 such	diseases	 (e.g.,	 prevention	of	 heatstroke)	 in	 a	
ubiquitous	manner10.	
To	date,	only	a	small	number	of	devices	for	perspiration	monitoring	have	been	proposed.	In	
early	 days,	 skin	 conductance	 and	 relative	 humidity	 were	 used	 for	 indirect	 indices	 of	 the	
amount	 of	 perspiration11,12.	 Most	 recently,	 several	 kinds	 of	 flexible,	 wearable	 sensors	 for	
perspiration	 monitoring	 have	 been	 proposed13-19,	 although	 they	 are	 intended	 for	 the	









evaporated	 from	 the	 skin	 is	 collected.	 The	 amount	 of	 water	 vapor	 from	 the	 skin	 can	 be	
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calculated	 from	the	difference	of	 the	humidity	 in	 the	outlet	and	 inlet	gases.	Although	 this	
method	 can	 estimate	 the	 amount	 of	 perspiration	 very	 precisely,	 a	 nitrogen	 gas	 tank	 or	 a	
mechanical	pump	is	generally	large	enough	to	impede	daily	monitoring.	
To	 address	 these	 drawbacks,	 we	 have	 recently	 developed	 a	 novel	 device	 for	 perspiration	
monitoring,	 in	which	a	closed	chamber	with	a	desiccant-driven	enforced	water	vapor	flow,	
enabled	 sensitive	 and	 long-term	monitoring26.	 This	 device	 consists	 of	 a	 cylindrical	 plastic	
exterior,	 temperature/relative	 humidity	 (T/RH)	 sensor	 with	 recording	microprocessor,	 and	
silica	gel	(Figure	1).	 In	principle,	the	outer	atmosphere	should	not	 interfere	with	the	water	
vapor	flow,	and	a	coolant	or	ventilating	chamber	is	not	required.	Perspiration	profiles	can	be	
obtained	 by	 solving	 equations	 using	 a	 spreadsheet	 software26.	 A	 previous	 study	 has	 only	
shown	the	principle	of	the	developed	device	and	has	omitted	the	detailed	method	for	how	
to	use	the	device	because	of	space	limitations.	
The	 objective	 of	 this	 article,	 therefore,	 is	 to	 show	 a	 detailed	method	 of	 how	 to	 use	 the	
developed	device	 for	 perspiration	monitoring,	 by	 showing	 the	 recording	 of	 stress-induced	
palmar	perspiration	during	the	sympathetic	activity	test	as	an	example.	
PROTOCOL:	
NOTE:	 The	 device,	 including	 the	method	 of	 analysis,	 is	 covered	 by	 Japanese	 Unexamined	
Patent	Application	Publication	No.	2011-169881	and	the	Japanese	Patent	No.	5708911.	












































are	 not	 necessarily	 required	 for	 perspiration	 monitoring	 itself.	 SSR	 is	 a	 change	 of	 skin	















4.2)	 Disconnect	 the	 perspiration	 monitoring	 device	 from	 the	 USB-serial	 port	 conversion	
interface.	 Immediately	 after	 the	disconnection,	 observe	 the	perspiration	monitoring	begin	
automatically.	Make	sure	the	LED	lamp	is	blinking.	
4.3)	 Remove	 the	 release	 liner	 of	 the	medical	 double-sided	 tape,	 and	 put	 the	 perspiration	
monitoring	device	on	the	skin	where	perspiration	is	to	be	monitored.	
4.4)	Wait	10	min	for	stabilization	of	water	vapor	diffusion.	
NOTE:	Although	 this	process	 cannot	be	monitored,	 the	previous	 study	has	 confirmed	 that	
waiting	10	min	is	sufficient	for	stable	monitoring26.	
4.5)	Start	the	examination	(e.g.,	sympathetic	activity	test).	


















Using	 this	 novel	 device	 for	 perspiration	 monitoring	 (Figure	 1)	 and	 the	 Fick’s	 law-based	
calculation,	the	temporal	perspiration	profiles	can	be	obtained	in	an	easy,	wireless	manner.	
Figure	 2	 shows	 representative	 data	 of	 wireless	 perspiration	 monitoring	 during	 the	




do	 a	 mental	 calculation	 (e.g.,	 continuously	 subtract	 7	 from	 100,	 or	 the	 “Flash	 Anzan”	 in	
which	 the	 participant	 sums	 up	 the	 number	 displayed	 one	 after	 the	 other	 on	 a	 computer	
screen)	 to	 evoke	 sympathetic	 activity.	 The	 perspiration	 and	 the	 SSR	 were	 simultaneously	
recorded	during	the	stress	conditions.	As	a	result	of	deep	inspiration	and	mental	calculation,	






Figure	 1:	 The	 novel	 device	 for	 perspiration	 monitoring.	 (A)	 The	 exterior	 of	 the	 device	











The	aim	of	 this	article	 is	 to	 introduce	 the	use	of	a	novel,	wireless	perspiration	monitoring	
device.	 Owing	 to	 the	 recent	 progress	 of	 engineering,	 more	 accurate,	 easy-to-handle	
methods	for	temporal	perspiration	monitoring	have	been	proposed;	the	ventilated	chamber	











enabling	a	 constant	but	natural	 flow.	 In	 the	course	of	 the	water	vapor	 traveling,	 the	T/RH	
sensor	 captures	 the	 flow	of	 the	water	 vapor	 as	 a	 change	 in	 the	 temperature	 and	 relative	
humidity.	 By	 calculating	 such	 changes	 under	 Fick’s	 law,	 we	 could	 estimate	 the	 temporal	
changes	of	perspiration	amount	(mg/cm2/min)	with	<5%	error,	relative	to	the	conventional	
ventilated	chamber	method26.	The	developed	device	can	be	used,	for	example,	to	monitor	





is	 blue).	 A	 previous	 study	 has	 estimated	 the	 maximum	 duration	 of	 measurement	 being	
longer	 than	4	hr	without	 changing	 the	 silica	 gel26.	 To	 renature	 silica	 gel,	 dry	 it	 in	 a	drying	
oven	 until	 the	 color	 turns	 blue.	 A	 conventional	 microwave	 oven	 is	 also	 useful.	 The	
perspiration	measurement	would	also	 fail	 if	 the	attachment	of	 the	device	 is	not	sufficient.	
We	recommend	the	usage	of	a	“doughnut-shaped”	double-sided	tape.	
Nonetheless,	the	developed	device	has	a	limitation.	Because	of	the	delicate	calculation	and	
the	 limit	 of	 desiccant	 absorptivity,	 the	 error	 of	 the	 amount	 of	 perspiration	 should	 be	
considered,	especially	at	 the	higher	 level	of	perspiration.	Although	we	have	confirmed	the	
error	 rate	 as	 being	 <5%	 relative	 to	 the	 conventional	method26,	 the	 absolute	 value	 of	 the	
calculated	perspiration	value	should	be	handled	with	caution.	
Owing	 to	 the	 small,	 simple,	 and	wireless	design	of	 the	device,	 the	multipoint	perspiration	




of	 abnormal	 sweating	 derived	 both	 from	 the	 mental	 and	 thermal	 regulatory	 system	
malfunction.	 For	 example,	 the	dysregulation	of	 the	peripheral	 nervous	 system	 in	diabetes	
might	be	detected	if	the	unbalanced	sweating	between	the	left	and	right	soles	were	to	be	
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